Structure of knowledge in connectionist models
Connectionist models of cognition explain the distributed nature of knowledge.
Common features of connectionist models: 1) they assume the distribution of knowledge in assemblies of units, neurons, or nodes that represent the component elements of knowledge. 2) the nodes are interconnected in networks by synapses.
3) the networks are layered. 4) some connections between layers are reciprocal, supporting reentrant processing. 5) layers are connected by parallel, convergent, and divergent connections. 6) networks learn by modification of synaptic weights 7) in unsupervised learning, synapses are strengthened by temporal coincidence of pre-and post-synaptic activity
The picture can be categorized according to its elemental sensory properties, such as size, shape, color, texture, etc. Since the lowest levels of sensory categories appear to be hard-wired at birth, they may be considered to be a part of the phyletic memory of the species.
At any hierarchical level, an item can belong to more than one category. E.g. "dog" belongs to the category of "mammal" and the category of "four-legged animals".
2) Perception is seen to consist in the classification of sensory items by the binding of features according to Gestalt grouping principles.
Examples of grouping principles: Temporal contiguity occurs when two or more stimuli are experienced close together in time and, as a result an association is formed.
Tone sequences, or "streams"
If the audio and video get even slightly out of sync, the viewer may hear an actor's words before or after his lips move, which is easily detected and fairly annoying.
The strength of binding is affected by factors such as: a) repetition b) emotional or motivational connotation c) motor contingency
Once the hierarchical organization of perceptual categories is established by experience, heterarchical categorization of percepts also occurs through associations between higher level categories. E.g. associating "helicopters" and "pigeons" as "flying objects".
Heterarchical categorization is necessary for concept formation and use.
3) Besides the hierarchy of perceptual knowledge, there exists a hierarchy of action knowledge.
The basic motor elements of actions are at the bottom. Above them are progressively higher action categories relating to: a) movement patterns b) goal-directed actions c) plans, syntax, etc.
As in perceptual categorization, action categories are organized by principles of spatial and temporal proximity.
Cortical modularity
Cortical areas differ in: a) local cytoarchitecture b) sources of their connections c) targets of their connections These structural differences are thought to be the basis for the specialized functions of different cortical areas. Cortical hierarchy of perceptual networks 1) Primary cortical areas in each sensory modality send fiber projections (by pyramidal cell axons) to higher-order areas that are specialized for processing more complex information in the same modality.
2) Successive areas within each modality are linked by reciprocal fiber pathways.
3) Higher-order areas comprise unimodal association cortex within each modality.
Each unimodal sensory system sends (at different stages) long-distance projections to transmodal areas.
The main transmodal areas: a) lateral frontal cortex for sensory-motor associations b) limbic & paralimbic cortex for emotional associations & memory consolidation c) parietal & temporal multimodal cortical convergence areas for cross-modal associations
Connections between unimodal and transmodal areas are also reciprocal.
The connectional hierarchy serves as a structural basis for the hierarchical representation of perceptual knowledge.
The hierarchy of perceptual knowledge corresponds to categories of progressively higher abstraction: a) The lowest levels are elementary unimodal sensory feature categories. b) Higher levels are more complex unimodal perceptual feature categories. c) At the highest levels are transmodal semantic and symbolic categories. Lesions at progressively higher anatomical levels leads to deficits at progressively higher categorical information processing.
Organizational principles of perceptual knowledge in the neocortex
Examples of lesion effects: a) primary sensory cortex (V1): anopsia (focal loss of vision) b) unimodal association cortex: i.
(extrastriate cortex): cortical achromatopsia (loss of ability to detect color) ii. (IT): visual object agnosia (inability to name a visual object) c) transmodal association cortex (posterior superior temporal gyrus): semantic aphasia (loss of the ability to comprehend words)
Cortical hierarchy of executive networks
The perception-action cycle refers to the recurring sequence of perception and action that repeats as the organism interacts with the environment. Each action sets the stage for a new perception, which in turn enables a new action.
This cycle depends on the functional linkage between posterior cortical areas for perception and frontal areas for action, each organized hierarchically.
The frontal lobe action hierarchy: a) primary motor cortex (Brodmann area 4) is at lowest level b) the premotor cortex (Brodmann area 6) is one level up c) prefrontal cortex (Brodmann areas 8,9,10,46) is at the next level up d) hierarchical arrangement is based on ascending order of generality of action and temporal dimension e) frontal areas receive projections from and send them to posterior sensory areas -long connections link corresponding levels in action and perceptual hierarchies f) prefrontal cortex also has reciprocal connections with limbic structures i) dorsolateral prefrontal cortex is connected with cingulate cortex, hippocampus & parahippocampal cortex -related to formation of motor memory ii) orbital prefrontal cortex is connected with amygdala -related to evaluation of motivational significance of external stimuli
Functions of action hierarchy: 1) The primary motor cortex (M1) networks represent distinct movements involving specific muscle groups. Muscles are grouped by intended action as well as by somatic location.
2) The premotor cortex contains networks representing motor trajectories and goals. Movement representations are more distributed than in M1.
i) lateral premotor cortex (area 6b): cells tuned to kinematic properties of movement; also contains mirror units that are activated by the observation of movements made by others.
ii) medial premotor cortex (area 6a or supplementary motor area -SMA): neurons are active before & during the execution of movement sequences: representations are thus defined by temporal order as well as spatial position. SMA is also the source of the readiness potential, a slow ERP wave that precedes self-initiated movements.
3) The prefrontal cortex contains networks representing plans of action. Lesion impairs functions that depend on temporal integration of sensory and motor information, including spoken language. Prefrontal cells show sustained activity in the delay interval of delay tasks; related to contingent negative variation (CNV), a slow ERP wave preceding the S2 in a S1-S2 paradigm. These neural signals at the cellular and population levels result from a widely distributed executive cognit.
